ABSTRACT
Introduction
Aerobic and facultative anaerobic microorganisms face constant risk from reactive oxygen species (ROS), including superoxide radical (O 2 -), hydroxyl radical ( -OH), and hydrogen peroxide (H 2 O 2 ) that may be formed through the univalent reduction of molecular oxygen (O 2 ). These radicals may cause oxidative damage by oxidizing biomolecules and results in cell death (8) . Therefore, elimination of ROS is definitely necessary for survival of cells. Superoxide dismutase (SOD), as part of the defense systems against oxidative damage in aerobic organisms, catalyzes superoxide anion (O 2 -) to O 2 and H 2 O 2 , which then is reduced to H 2 O by H 2 O 2 -scavenging enzyme -catalase (CAT) (13) . Under stress conditions, the balance between oxidative impact and the antioxidative defense system could be disturbed leading to oxidative stress. Vibrio cholerae non-O1 serotypes are autochthonous bacteria of aquatic environments that are presently recognized as potential pathogens (1) . These species have been associated with cholera-like diseases and other extraintestinal infections, not only in humans but also in higher aquatic organisms (7) . Various Vibrio species isolated of natural aquatic habitats possess a number of protecting mechanisms against oxidative stress or to different inducers of oxidative stress from the environment. There are contradictory data about the role of both antioxidant enzymes SOD and CAT in the cell response of Vibrio strains against stress. Banin et al. (2) demonstrate that SOD expression in V. shiloi is temperature regulated (i.e., the enzyme is produced at 30°C, but not at 16°C). Additionally, psychrophilic Vibrio rumoiensis that is regarded as resistant to hyperoxidative conditions exhibited extraordinarily high CAT activity (14) In this work we investigated the effect of temperature on growth and antioxidant cell response of three strains V. cholerae belonging to the serotype non-O1. The strain V. cholerae non-O1/29T originates from the first one, which was incubated for several months in preliminary sterilized mud from Pomorie Lake. The strains we used are NAG-vibrios (non-O1 serogroup). Tryptic Soy Broth (TSB) was used for the growth of V. cholerae strains. Experiments were performed with 100 ml of medium in 500 ml Erlenmeyer flasks for 72, 96 and 120 h at temperature 30 or 10 ºC.
Materials and methods

Bacterial strains, media and cultivation
Growth, cell extracts and protein content determination
Growth was estimated turbidimetrically (and expressed as optical density [OD]) at 650 nm with a spectrophotometer Specol 11 (Carl Zeiss Jena, Germany). Cells were harvested by centrifugation (3 000 x g) at 4°C for 20 min and washed twice with a phosphate buffer (pH 7,2). The collected cells were stored at -20°C until use. Frozen cells suspended in phosphate buffer at pH 7,2 were homogenized with a mortar and pestle using quartz sand. The supernatant was collected after centrifuging at 5 000 x g for 5 min and was used as a cell-free extract for enzyme assays. Protein was estimated by the Lowry procedure (11) using bovine serum albumin as standard Enzyme assay SOD activity was measured by the nitro blue tetrazolium (NBT) reduction method of Beauchamp and Fridovich (3) . One unit of SOD activity was defined as the amount of SOD required for inhibition of the reduction of NBT by 50% (A 560 ) and was expressed as units per mg protein [U (mg protein) -1 ].
CAT was assayed by the method of Beers and Sizer (4). The decomposition of H 2 O 2 was followed directly by measuring the decrease in absorbance at 240 nm. One unit of CAT is defined as the amount that will decompose 1 µmol of H 2 O 2 in 1 min at pH 7.0 and 25 C. Specific activity is given as U (mg protein) -1 .
PAGE electrophoresis
The SOD isoenzyme profile was performed on polyacrylamide gels. Equal amounts of protein were applied to 10% nondenaturing PAGE and were stained for SOD activity, as described by Beauchamp and Fridovich (3) .
Results and Discussion
Effect of temperature on the growth of Vibrio strains To investigate the cold stress response in the model Vibrio strains, we determined the changes in biomass content formed at temperature 30 and 10°C (Fig. 1) . All strains are mesophilic bacterial species and preferred 30°C at which OD of V. cholerae 29 was the highest (Fig.  1A) . The Fig. 1B showed an apparent response to decrease in the temperature. At 10°C, V. cholerae 26/06 was the most sensitive to low temperature among the three model strains, demonstrated very low value of OD. A similar behavior was described for V. vulnificus which exhibited morphological changes at low temperature (12) . In contrast, it was found that V. cholerae could adapt and grow at temperature down to 15°C, below which the growth was completely arrested (6) . Effect of temperature on the antioxidant enzyme activities All strains tested expressed both antioxidant enzymes under normophysiological and stress conditions, but the cell response is more strain-dependent than dependent on temperature (Fig. 2) . Levels of SOD in cultures of V. cholerae 26/06 grown at 30°C ( Fig. 2A) were about 2.5 to 9.5-times higher than those in the cultures grown at 10°C. In contrast, SOD activity in V. cholerae 29 (Fig. 2C) increased by 7.5-fold under stress conditions in comparison to that at optimal temperature. The strain V. cholerae 29T did not show any significant difference in the cell response depending on the growth temperature (Fig. 2B) . CAT activity in the cells of V. cholerae non 26/06 (Fig. 2D) and V. cholerae 29T (Fig. 2E) exhibited no temperature dependence. Contrary to the above observations, V. cholerae 29 demonstrated higher CAT activity in response to temperature downshift (Fig. 2F) .
Taken together, our results describe two contradictory trends (Fig. 2.) . The first, represented by the strain V. cholerae 29 is in accordance with the hypothesis that the cold stress induces production of ROS (10) that SOD and CAT activities in V. cholerae 26/06 and V. cholerae 29T did not increase at low temperature. Moreover, the cold stress resulted in significant reduction of SOD activity in V. cholerae 26/06, paralleling the delayed growth. Similar loss of SOD and CAT activity at low temperature has been reported for V. shiloi and V. vulnificus, respectively (2, 9) . This could be explained by the temperature-regulated SOD and CAT -the enzymes are not induced at cold temperature, thus making the bacteria more susceptible to oxygen radicals. Electrophoretic mobility of Vibrio SOD Figure 3 shows the results of native PAGE of cell-free extracts of V. cholerae 26/06, V. cholerae 29 and V. cholerae 29T grown to stationary phase at 30°C. Under normophysiological conditions only one band of SOD was apparent. In addition, the migration patterns suggest that the strains tested have two electrophoretically distinct variants of SOD. Samples of V. cholerae 26/06 (Fig. 3A) extract revealed faster migrating SOD isoenzyme (SOD1) in comparison to the isoenzymes in the extracts of V. cholerae 29 (Fig. 3B) and V. cholerae 29T (Fig. 3C) (SOD2) . Similar results were obtained by strains cultivated at 10°C (data not shown) 
Conclusion
Our characterization of antioxidant enzyme defence of the tested Vibrio strains yielded a number of interesting results: (i) wild-type V. cholerae 29 expressed high SOD and CAT specific activities under optimal temperature that were further induced upon stress condition. This behaviour enables normal cell development under both temperature regimes; (ii) V. cholerae 29T originated from the wild type exhibited low antioxidant enzyme levels that were not affected by temperature downshift. Decreased antioxidant defence resulted in growth inhibition at both temperatures in 
